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Identification of Histidine Decarboxylase Expression using a Histamine
Antibody Staining Technique
ABSTRACT
Cells containing histamine were identified
in a third instar brain of a normal
Drosophila melanogaster larva using
a whole-mount staining technique that
detects histamine. The histamine antibody
staining was performed on intact tissue
to easily identify cells that likely use
histamine as a neurotransmitter in the
brain. Results indicate that mutants in the
Hdc gene do not have detectable levels of
histamine in the central brain of larvae. The
methodology used and these results should
allow an examination of mutants that may
be defective in spatial regulation of the
transmitter, histamine.
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Introduction
A neurotransmitter is a chemical used
for neuronal cell communication.
Histamine has been identified as
a neurotransmitter in Drosophila
melanogaster, where it functions in a
variety of sensory systems, including the
visual system. For example, histamine
has been implicated in mechanosensory
neurons that are required for behavioral
functions such as grooming (Melzig et
al., 1996). Histamine has been localized
to a variety of other locations, most
notably in the central nervous system
of adults (Buchner et al., 1993) and
larvae (Python and Stocker, 2002). The
functional role that histamine may play
in the central nervous system is not
yet known in the adult or any other
developmental stage.
Histamine is synthesized by a
decarboxylation reaction from histidine
by the enzyme, histidine decarboxylase
(HDC). Mutations in the gene encoding
this enzyme, Hdc, were identified by
screening for defects in the on/off
transients of the electroretinogram
(ERG), an extra cellular light which
evoked retinal response that is recorded
in the compound eye (Pak, 1995).
From this ERG screening approach,
the mutant Hdc alleles HdcP211, HdcP217,
HdcP218 and HdcJK910 were obtained
(Burg et al., 1993). Both HDC enzyme
activity measurements and histamine
content assays indicated that most Hdc
mutant alleles caused a lowering of
histamine levels, while one mutant allele
in particular, HdcJK910, had no histamine
detected (Burg et al., 1993). The HdcJK910
allele was therefore thought to be a
null allele, as no Hdc gene activity or
histamine was normally detected in the
mutant’s tissues (Buchner et al., 1993;
Burg et al., 1993). In comparison, the
HdcP211, HdcP217, and HdcP218 mutant
alleles contained varying levels of
histamine in the photoreceptors, while
no histamine was detected in the central
brain. From the mutations identified,
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the Hdc genetic region was identified
physically, molecularly cloned, and
DNA sequenced (Burg et al. 1993). By
inserting a normal Hdc gene, that was
isolated from normal flies, into mutants
lacking Hdc function, it was shown
that the wild-type Hdc gene completely
restored HDC function in the HdcJK910
mutant. From this “rescued mutant”, it
was determined that normal Hdc gene
expression was localized to a defined
genomic DNA region of about ~7.4
kb (Burg and Pak, 1995). The rescue
of the HdcJK910 mutant along with
other functional studies has provided
definitive evidence that histamine is a
neurotransmitter used by photoreceptor
cells (Sarthy, 1991; Burg et al., 1993).
Photoreceptor and mechanoreceptor
cells can take up histamine from
exogenous sources (Melzig et al., 1998).
It has also been suggested that some
histamine-containing cells may not
be able to synthesize histamine, but
rather, may take it up exogenously. This
result would suggest that these cells
may utilize histamine differently than
photoreceptors, where histamine’s use
as a neurotransmitter has been widely
accepted (Stuart, 1999). For a cell to
synthesize histamine, it must express
an mRNA from the Hdc gene which
will then be translated into histidine
decarboxylase. Cells that contain Hdc
mRNA will likely be able to synthesize
histamine. Identifying cells that contain
Hdc mRNA and comparing their
location in tissue to those cells already
identified to contain histamine will
identify the cells that can synthesize
histamine. This has been done with
limited success in the adult, where
regions containing histaminergic cells
had been identified to be regions that
may contain the Hdc mRNA (Burg et
al., 1993). However, the methodology
used could not resolve single cells, and
it is important to identify the cells that
contain both histamine and the mRNA
for the transcript to be able to state
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that these cells synthesize the
transmitter, histamine.
Hdc mRNA localization at the
cellular level is now possible, using
non-radioactive methods to label and
detect the cells containing Hdc mRNA
in situ (Tautz and Pfeifle, 1989). This in
situ hybridization technique could use
an Hdc-specific RNA probe to identify
the cells that express Hdc by binding
to the mRNA transcript which would
then be detected by antibodies. While
the original purpose of this project was
to develop the tissue in situ technique
to detect Hdc mRNA in larvae, it was
decided, during the course of the work,
to concentrate on further histamine
staining to guide which developmental
stage(s) the in situ hybridization should
be done. In this report, we present data
indicating that the histamine antibody
can be used to detect cells in intact
Drosophila larval brain tissue and that
we can identify alterations in histamine
staining in brain tissue from various Hdc
mutant alleles.
Methods
Cultures of normal and Hdc mutant
Drosophila were grown in bottles at
25ºC. The heat accelerates their growth
rate, with the larvae developing into
adults in about 10 days total. Flies go
through four major developmental
stages: embryo, larva, pupa, and
adult stages (Demerec, 1994). Bottles
containing food from a prepared mixture
were used to transfer adult flies every
three days. Larvae were removed from
the bottles when they were climbing on
the bottle sides and dissected with fine
forceps under a microscope.
Larvae brains were dissected in a 2%
2, 4-carbodiimide fixative in phosphate
buffer (pH ~7.2; on ice) and kept in a
well plate that also contained the fixative
(on ice). After three hours in the fixative,
the brains were washed twice in Ringer’s
solution for durations of 0.5 hours each.
The brains were then washed in 5%

swine serum with 0.3 % Triton X-100
in an isotonic phosphate buffer for one
hour. Next, the brains were incubated
with a histamine antibody (Panula et
al, 1989), diluted 1:1000 in an isotonic
phosphate buffer with 0.3% Triton X100 (TBST) and 1% swine serum at
4oC overnight. After at least 16 hours
incubation at 4oC, the brains were set
out at room temperature for one hour,
after which they were washed twice for
0.5 hour each with TBST+1% swine
serum. Next, a one-hour incubation
with swine anti-rabbit-immunoglobulin,
diluted 1:40 in TBST+1% swine serum,
was done. Afterwards, two additional
0.5-hour washes were done with
TBST+1% normal swine serum. The
next step was a one-hour incubation
with a rabbit peroxidase-anti-peroxidase
complex, which binds to the swine
anti-rabbit immunoglobulin, diluted
1:200 in TBS+0.3% Triton X-100. The
brains were then washed in TBS+0.3%
Triton X-100 before reacting with 3,4diaminobenzidine (DAB). The DAB
solution contained 30 mg DAB, 0.3%
H2O2 in 10 ml TBS+0.3% Triton X-100.
The reaction between the enzyme
that is bound to the antibody,
horseradish peroxidase and DAB,
creates a black precipitate. Therefore,
the black dots (fig. 1) represent cells
that contain histamine.
Results
Histamine staining with normal larva
brain was done, results from which are
shown in fig. 1. There appears to be
a symmetric distribution through the
ventral ganglion of histamine-containing
cells. In other staining experiments, the
axons from these cells and connections
in the central nervous system are
also visible (not shown). This picture
illustrates staining typically found in
various larval developmental stages,
indicating 10 sets of cells along the
ventral ganglion. There are also three
sets of histamine-containing cells in
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both brain hemispheres, indicated by
the arrows. One set of cells seems to
be located at the junction between
the ventral ganglion and the brain
hemispheres. This is the maximum
number of histamine-containing cells
found in the staining experiments
carried out. These result compare
favorably with those of others who have
done histamine immunocytochemistry
on the same developmental stages
(Python and Stocker, 2002). Table 1
contains a summary of results obtained
from histamine staining done on
various Hdc mutant brains. In the brains
of all mutant alleles examined (HdcP217,
HdcP218, HdcJK910), histamine staining
was not detected in the central brains
using the technique described and used
in this report (see table 1).
The histamine-containing cells appear
to be neither efferent nor afferent
neurons, since they reside in the brain
and their axonal branches are restricted
to the brain. They do appear to synapse
to rows of cells, and the staining that
we were able to obtain appears identical
to that of others who previously had
reported histamine staining in normal
brains (Python and Stocker, 2002).
The histaminergic cells identified in
these studies may be related to the
central brain cells identified in earlier
studies, as later developmental stages
do retain a number of these cells
through metamorphosis (T. Tomasiak,
pers. commun.).

Figure 1. Histamine localization in the CNS of a normal 3rd instar larvae

Table 1. Summary of mutant staining in 3rd Instar larval brain

Histamine staining detected

# of cells

normal

hdcP217

hdcP218

hdcJK910

Yes

None

No

No

10 pair in
ventral ganglia;
3 sets in each
brain hemisphere

N.A.

N.A.

N.A.

Histamine containing cells in a 3rd instar larval brain. Arrows point to cells containing
histamine (darker spots in the tissue). Note that there are 10 pairs of cells in the
ventral ganglia (vg) and several other cells in the brain hemispheres (BH). In all Hdc
mutant alleles tested, no staining such as this was detected, indicating that these
mutants have no ability to synthesize histamine this early in development (data not
shown). Refer to Rulifson et al. (2002) for more complete descriptions of anatomical
structures.
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Discussion
Histamine immunocytochemistry has
shown that in the central nervous
system of the larva, a number of
neurons are consistently found to
contain histamine. In the ventral
ganglia, 11 segments exist: 3 thoracic
and 8 abdominal. It is interesting to
note that it appears as if abdominal
segment 7 does not appear to have
histaminergic neurons, while all other
abdominal segments have a single pair
of neurons. While there appear to be
7 of 8 abdominal ganglia containing a
histaminergic cell pair, it is likely that
all of the thoracic ganglia each contain
a pair of histaminergic cells. These
histaminergic neurons in the ventral
ganglia may have a regulatory function,
as they are located in a central portion
of the ventral ganglia and form apparent
connections with regions of the central
connectives in the ventral ganglion. In
addition, they do not send processes out
of the central nervous system, unlike
sensory or motorneurons that would
have such cellular extensions.
In addition to the 10 pairs of
histaminergic cells in the ventral ganglia,
there are several regions in the brain
hemispheres, both medial and lateral
in location, where histaminergic cells
have been detected. The medial regions
may contain histaminergic cells that
likely differentiate into some of the
adult histaminergic central brain cells.
It is known that many neurons survive
through metamorphosis and change
their shape and function from larva to
adulthood (Hartenstein, 1993). Since the
number of histaminergic cells is fairly
similar between larval and adult stages
and relative positions in the nervous
systems remain intact, it is possible
that these cells identified in the larval
brain are the precursors to the adult
histaminergic cells. Further detailed study
of later developmental stages, examining
the cells in this region of the brain
carefully, may confirm these identities.
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The lateral histaminergic cells in the
brain hemispheres of the larva could
be neurosecretory-type cells, similar
to types that have been implicated
in regulating such processes as
metamorphosis. Further analysis of
these cell types will assist in identifying
their putative function more readily, by
staining for other transmitters used by
the neurosecretory cells of the fly.
The immunocytochemistry done
in these experiments was completed
before differentiation of photoreceptors
occurs; hence, there is no staining of
photoreceptor cells or their axonal
terminals. Examining the timing of
Hdc expression can be done more
precisely with an mRNA in situ
approach rather than using a histamine
antibody approach. However, the ease
and speed of the histamine antibody
staining technique has allowed it to
develop into a useful analytical tool
to assay for histaminergic cells in the
intact nervous system. The whole
mount staining technique, using a very
sensitive detection method, is well
suited for permanent mounts. Other
staining procedures used to date utilize
fluorescent probes, which is a temporary
preparation that requires rapid analysis
after staining is complete. We hope
to use the whole mount preparation
results to compare with future staining
experiment results as well as in situ
hybridization experiments in the same
types of tissues.
In this study, we were able to
determine whether other Hdc mutations
affected larval staining observed in
normal flies. We had already shown
through earlier work that the HdcJK910
mutant has no detectable histamine at
any developmental stage (Tomasiak,
pers. commun.). It is likely that this
mutation disrupts the production of
mRNA, as the Hdc mRNA was not
detected in earlier studies (Burg et al,
1993). The current work extended these
observations to the HdcP217 and HdcP218

mutants, showing again no central brain
histamine staining. These results suggest
that the mutants that do allow histamine
to be present in small amounts in adult
photoreceptors do not allow histamine
expression in the larval CNS.
Knowing where histamine is present
in the nervous system provides a first
glance into where to look for cells
containing the Hdc transcript. The
RNA in situ hybridization technique
(Tautz and Pfeifle, 1989) may illustrate
similar results to this report, but it is not
clear whether all the cells will express
Hdc mRNA until this experiment is
complete. Improving our understanding
of the genetic control of Hdc will allow
us to identify the various ways that Hdc
expression is controlled in this manner.
Further experiments combining the
immunocytochemical and RNA in situ
approaches are now set to begin to
elucidate how the Hdc is regulated, in
both normal and mutant flies.
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